The primary auditory cortex is now known to be involved in learning and memory, as well as auditory perception. For example, spectral tuning often shifts toward or to the frequency of the conditioned stimulus during associative learning. As previous research has focused on tonal frequency, less is known about how learning might alter temporal parameters of response in the auditory cortex. This study addressed the effects of learning on the fidelity of temporal processing. Adult male rats were trained to avoid shock that was signaled by an 8.0 kHz tone. A novel control group received non-contingent tone and shock with shock probability decreasing over days to match the reduced number of shocks received by the avoidance group as they mastered the task. An untrained (naï ve) group served as a baseline. Following training, neuronal responses to white noise and a broad spectrum of tones were determined across the primary auditory cortex in a terminal experiment with subjects under general anesthesia. Avoidance conditioning significantly improved the precision of spike-timing: the coefficient of variation of 1st spike latency was significantly reduced in avoidance animals compared to controls and naï ves, both for tones and for noise. Additionally, avoidance learning was accompanied by a reduction of the latency of peak response, by 2.0-2.5 ms relative to naï ves and $1.0 ms relative to controls. The shock-matched controls also exhibited significantly shorter peak latency of response than naï ves, demonstrating the importance of this non-avoidance control. Plasticity of temporal processing showed no evidence of frequency specificity and developed independently of the non-temporal parameters magnitude of response, frequency tuning and neural threshold, none of which were facilitated. The facilitation of temporal processing suggests that avoidance learning may increase synaptic strength either within the auditory cortex, in the subcortical auditory system, or both.
Introduction
A key challenge for neurobiology is the identification of changes in neural activity that constitute the bases of learning and memory. Traditionally, most attention has been directed to structures such as the hippocampus, amygdala, striatum, cerebellum and non-sensory regions of the cerebral cortex. Although research starting in the 1950s revealed that sensory systems, particularly primary auditory cortex, develop associative plasticity during classical and instrumental conditioning (reviewed in Weinberger & Diamond, 1987) , interest in sensory cortical plasticity and learning remained minimal until sensory neurophysiology techniques were combined with standard learning tasks in the mid-1980s. Such studies revealed that learning was accompanied by highly specific modification of conditioned stimulus (CS) representation (Gonzalez-Lima & Scheich, 1984 , 1986 and CS-directed shifts of frequency receptive fields (Diamond & Weinberger, 1986; Weinberger, Diamond, & McKenna, 1984) . Although not studied as extensively, learning-related plasticity develops in primary somatosensory and visual, as well as auditory, cortices (reviewed in, e.g., Diamond, Petersen, & Harris, 1999; Gilbert, Sigman, & Crist, 2001; Rauschecker, 1999; Scheich, Stark, Zuschratter, Ohl, & Simonis, 1997; Weinberger, 2004) .
Systematic studies of fear conditioning showed that CS-specific tuning shifts have the major characteristics of associative memory, i.e., they are associative, highly specific, rapidly induced, discriminative, consolidate (become stronger over hours and days without further training) and show long-term retention (measured to 8 weeks) (reviewed in Weinberger, 1995 (reviewed in Weinberger, , 1998 . Such tuning shifts develop with rewarding, as well as aversive reinforcers (Kisley & Gerstein, 2001 ) and during instrumental avoidance, as well as classical conditioning (Bakin, South, & Weinberger, 1996) . Frequencyspecific tuning shifts might be expected to produce an increase in the area of representation of CS frequencies as more cells become ''recruited" to such stimuli and this effect has been found both in associative learning (Rutkowski & Weinberger, 2005) and perceptual learning for increased frequency acuity (Recanzone, Schreiner, & Merzenich, 1993; but see Brown, Irvine, & Park, 2004) . Moreover, the basic findings in animal subjects have been replicated and
